ABSTRACT. Attachment of the ciliate Paramecium caudatum to surfaces of polystyrene Petri dishes (Falcon 3002) was induced through the mating reaction and by treatment with conjugation-inducing chemicals. A similar induction of attachment took place when cells were treated with phenethylamine or benzylamine, compounds known to make the cell surface more hydrophobic. The possible involvement of hydrophobic interactions on the cell surface during the early stage of conjugation in Paramecium is discussed.
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Many kinds of cells are known to be able to attach themselves to polystyrene surfaces. Since this phenomenon is related to a variety of biological processes, many studies have been done on various types of cells. In some bacteria, this attachment is believed to encourage growth when the organic nutrient concentration is very low (5, 17) . The attachment of the tissue cells of higher animals to polystyrene surfaces has provided a good model for the analysis of cell-substratum interactions that function in determining cell morphology and behavior (6, 12, 13) .
In Paramecium, the attachment of cells to polystyrene surfaces provides a good system for studying sexual recognition and nuclear activation because only matingreactive cells are capable of attachment to polystyrene Petri dishes (Falcon 1007). This attachment occurs at the tips of ventral cilia where mating reactivity is restricted (9) . Attachment also induces the first step of nuclear activation (early migration of the gametic nucleus) and the subsequent loss of mating reactivity seen in normal conjugation.
Attachment involves hydrophobic interactions on the membrane surface, and the adhesive properties of the polystyrene surface are believed to be related to surface hydrophobicity because even mating-reactive cells are unable to attach to dishes with reduced hydrophobicity, for example, dishes used for tissue culture (9) . The observation that cells gain the ability to attach to dishes in response to sexual stimuli suggests that there are changes in cell surface properties during the early stage of conjugation.
I here describe the induction of the attachment by paramecia to polystyrene with reduced hydrophobicity during sexual interactions and discuss the role of hydrophobic interactions on the cell surface as an activation step during conjugation in Paramecium.
MATERIALS AND METHODS
Stocks and culture methods. The stocks used were 27aG3 (a complete homozygous clone established by Tsukii) 
RESULTS
Induction of attachment by sexual stimuli. As reported elsewhere (9), the attachment of Paramecium to polystyrene Petri dishes depends on the degree of mating reactivity of the cells and on the hydrophobicity of the polystyrene surface. Even mating-reactive cells rarely attached themselves to lids of Falcon 3002 Petri dishes, which are less hydrophobic than Falcon 1007 Petri dishes, and which were the principal dishes used in this study. But, when cells from mating clumps were introduced into the polystyrene lids of these dishes about 40 % showed attachment (Fig.  1A ). An increase in the percentage of attached cells took place within 5 min after the initiation of the mating reaction. In contrast, no marked change in the percentage of attached cells was found when single, unmixed mating-reactive cells of both mating types were tested.
A similar increase in the ability to attach to the lid surface was seen when matingreactive cells were placed in a conjugation-inducing medium (10 mM KC1, 0.03 mM CaCl2 and 1 mM Tris-HCl, pH 7.1 at 25°C) in which selfing pairs appeared in about 50 min without prior mating agglutination (Fig. 1B) . The kinetics of the attachment of these mating-reactive cells showed that maximum attachment (85-95 %) took place within the first 10 min after the introduction of cells to the conjugation-inducing medium. Sexually immature cells had a low ratio of attachment (5-24 %) during treatment with inducing medium as compared to mating-reactive cells.
Induction of attachment by hydrophobic reagents. Because the attachment of cells to polystyrene involves hydrophobic surface interactions (9), the ciliary membrane probably becomes more hydrophobic as a result of sexual interactions (i.e. the mating reaction or treatment with certain chemicals).
To investigate the induction of attachment caused by sexual interaction, I examined the effects of the hydrophobic reagents benzylamine and phenethylamine because these reagents are known to make the cell surface more hydrophobic (10) . Matingreactive cells, which did not show attachment to the lids of Falcon 3002, were treated with a 0.5 mM solution of benzylamine or phenethylamine for 10 min. After this treatment, the cells were washed twice with a solution containing 1 mM KCl, 1 mM CaCl2 and 1 mM Tris-HCl, pH 7.1 and adapted in the same solution for 2 min before being placed in dish lids. Prior treatment of cells with benzylamine or phenethylamine induced attachment to the lid surface as well as to the water surface (Table 1) . Attachment was not induced in cells treated with the hydrophilic reagent lysine.
DISCUSSION
These experimental results show that there is a marked increase in the affinity of Paramecium cells for a polystyrene surface during the mating reaction between cells of complementary mating types or when cells are in conjugation-inducing medium. Although a decrease in the swimming velocity of Paramecium cells also was observed following treatment with conjugation-inducing chemicals and after the mating reaction, it is known that a decrease in swimming velocity does not affect the attachment of strongly mating-reactive cells to polystyrene (10) . Therefore, some change in the ciliary membrane surface may be responsible for the induction of attachment to polystyrene. In this case, an increase in hydrophobicity on the cell surface is the probable factor because a similar increase in affinity for polystyrene lids was seen when cells were treated with the hydrophobic reagents benzylamine or phenethylamine (Table 1) . Several investigators have reported that mating-reactive cells show a marked change in swimming behavior in conjugation-inducing media (1, 14, 16) . We recently found that this change in swimming behavior results from a change in ciliary beat frequency, perturbation of ciliary metachronal waves and adhesion of certain ventral cilia of the same cell at their tips (11) . These observations support Miyake's report (14) that cells in conjugation-inducing media become slightly sticky.
Probably this increase in the stickiness of the cells, which may result in the frequent collision of cilia, is correlated to the increased affinity of the cells for polystyrene surfaces shown in this study. Ciliary collision through hydrophobic sites within a cell and/or among individual cells could be an essential process which triggers the reaction for pair formation (holdfast union). This seems likely because pair formation in a conjugation-inducing medium is inhibited severely when antiserum against the cell surface antigen (immobilization antigens) is added, even in very low concentrations which do not affect the mating reactivity of cells, to prevent ciliary collisions (Kitamura, unpublished) .
Elsewhere (9), I have reported that hydrophobic attachment sites appear when cells express mating reactivity and that the mating reaction may involve hydrophobic interactions through these attachment sites. The results obtained here strongly suggest that hydrophobic attachment sites increase during sexual interactions such as the mating reaction or after chemical treatment.
Probably the increase in cell surface hydrophobicity during the mating reaction is caused by a mechanism similar to the positive feedback control of mating substances that functions during the preconjugant interaction in Euplotes crassus (2, 7) and Oxytricha bifaria (4) . Moreover, a particular lipoprotein is known to be necessary for the holdfast union formation of Paramecium (15) , the next step in the conjugation process following mating agglutination. Thus, I believe that the mating process in Paramecium involves a series of hydrophobic interactions on the cell surface.
